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Abstract 
In recent years, the ecological degradation, loss of technological sustenance and other 
multidimensional consequences caused by shrimp farming have made the experts and 
authorities bound to rethink about the development of the industry. The present study 
describes the water and sediment quality, and culture and management techniques in 
five selected shrimp farms at Paikgacha, Khulna throughout a production cycle from 
March to September 1997. The water quality parameters were found to be more or less 
suitable throughout the cycle. The concentration of the limiting major nutrients such as 
nitrogen and phosphorus and minor nutrients such as calcium and magnesium were 
satisfactorily high, concentrations of the organic matter content were also high. 
Remarkable negative correlation of shrimp production with secchi depth was observed 
among the farms. Production per cycle ranged between 273 kg/ha and as low as 63 kg/ha. 
Key words: Extensive shrimp culture, Water quality, Sediments. 
Introduction 
Shrimp farming in the coastal waters of Bangladesh has expanded as elsewhere in 
the region in the last two decades. In the early seventies, Bangladesh entered the world 
export market of shrimp and since then shrimp has become a very high priced 
<:ommodity. Consequently, more and more areas were brought under brackishwater 
aquaculture and more people engaged themselves in the shrimp farming practice. The 
increasing demand and steadily rising price of shrimp in the international market 
caused a silent revolution in the development of brackishwater farming. The role of 
shrimp farming in supplying animal protein, in income generation, in earning foreign 
exchange and in the socio-economic development of the country is worth exploring. 
Shrimp culture techniques used in Bangladesh are different, depending on many 
factors. Karim and Aftabuzzaman (1995) and DOF (1997) divided shrimp culture 
techniques into extensive, improved extensive, semi-intensive and intensive types on the 
basis of the degree of management applied. With these four types, Deb (1998) added a 
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new one namely, traditional, where least or no management practice is applied. Since 
diffe1ent methods require different degrees of management, the production rates also 
differ remarkably with the method employed. Water and soil quality' parameters of 
shrimp farms are important not only for the fact that production is affected by them but 
also that water and sediment quality problems are now common in shrimp farms in 
many parts of the world. Furthermore, environmental problems caused by changes in 
water and soil quality due to shrimp farming are now a global concern. Various aspects 
of water and sediment qualities in shrimp farms and their effects on the environment 
have been studied by Hopkins et al. (1995), NACA (1995), Dierberg and Kiattisimkul 
(1996), Hariati et al. (1996), Smith ( 1996), Deb (1998), and Islam et al. (1998). 
The present investigation was conducted with the objective of exploring the culture 
methods followed by the shrimp farmers, the degree of management applied, the water 
and sediment quality parameters maintained during the farming cycle and the rate of 
production in relation to the inputs used. Such base line information is undoubtedly 
important to justify the introduction of more effective and advanced management 
practices. 
Materials and methods 
The study area 
The study was conducted at Paikgacha Thana in Khulna, a southwest district of 
Bangladesh. Paikgacha is a famous shrimp farming area with about one thousand small 
and large farms. Five farms located in different unions were selected for the present 
study. Among the selected farms, 3 were fed by the Kopotaksya River and the rest 2 by 
the Shibsa River. The farms are located in the medium saline zone according to salinity 
zonation. 
Shrimp farming techniques 
After completion of paddy culture (from August to December), lands are ploughed 
and left to dry out for about a week in the sunshine. After ploughing the lands, 
agricultural lime (calcium carbonate, CaC03) is applied at the rate of 500-1000 kg/ha, 
which is usually followed by fertilization (after 7 to 10 days of liming) by organic and 
inorganic fertilizers. Organic fertilizer (cowdung) is applied at the rate of 1,000-3,000 
kg/ha and inorganic fertilizers (urea: TSP = 1: 1) at the rate of 100 kg/ha. 
Water is introduced into the farm during the new moon or full moon, when there is 
a high tide. Water in the farm is usually supplied 3 to 5 days after fertilization. After 7 to 
10 days of fertilization, shrimp fry are transferred from the nursery ponds to the farms. 
Farmers usually do not maintain particular stocking density, being affected by the 
availability of fry and financial status of the farmers. However, most farmers try to stock 
at a density of 20,000-25,000 PL per hectare (2 to 2.5 PL m·2). 
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Water quality parameters 
Sampling for water quality parameters was done fortnightly to investigate the 
chemical parameters during the culture period. The parameters studied were 
temperature, transparency, salinity, pH, dissolved oxygen (DO), total hardness, total 
suspended solids (TSS), nitrate nitrogen (N03-N), ammonia nitrogen and phosphate 
phosphorus (P04-P). 
Water samples were taken from at least three spots inside each farm; in addition, 
samples were also taken from inlet and outlet. Water temperature was recorded in the 
field by a Celsius thermometer. pH of water was measured by a pH-meter 
(JENW A Y3020). Dissolved oxygen was measured by a digital DO-meter (YSI58). 
Salinity of water was determined in the field by a salinity refractometer. TSS of water 
was determined by using the methods described by Strickland and Parsons (1972). 
To determine the remaining chemical parameters, water was filtered by a hand filter 
set and accordingly preserved, brought to and analyzed at the Laboratory of the Faculty 
of Fisheries, Bangladesh Agricultural University, Mymensingh. 
Sediment quality parameters 
Samples of sediments from the farms were collected and air-dried. Samples were 
analyzed for pH, total dry matter (T-DM), organic matter, ash, calcium, magnesium, 
kjeldahl nitrogen, total phosphorus, and total sulfur. Analyses of the accurately 
preserved samples of sediments were done at Rogaland Research, Stavanger, Norway. 
Production and yield 
Data on the total production of individual farm as well as the production of each 
species of shrimp, and crab were collected from the farm record book of each farmer, and 
data on the production of white finfish were also obtained for each farm. All data 
represent a single production cycle. The total gross return at the end of a cycle is also 
recorded for each farm from the cash register of the farmer. 
Result and discussion 
Slnimp fanning techniques 
According to the information obtained from the farmers, it was found that in all the 
selected farms the methods used for shrimp farming is extensive or rarely improved 
extensive. The culture period extends from January-February to July-August. Mixed 
culture of tiger shrimp or 'bagda' (Penaeus monodon) with heterogeneous species is 
followed in all the farms. Species other than bagda such as Metapenaeus monoceros, 
Penaeus semisulcatus and Penaeus indicus are common in all the farms. Macrobrachium 
rosenbergii in farm-1 and farm-3, Penaeus penicillatus in farm-1, farm-2, farm-4 and one 
species of crab in farm-4 were found in addition to the species mentioned above. Besides 
this, a few species of finfish were also common in all farms. However, in all the farms, P. 
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monodon was the major species. A shrimp production cycle was followed by another cycle 
of paddy. For shrimp seed, the farmers rely solely on the natural stock. 
The present findings of all aspects of traditional extensive shrimp culture methods 
agree with that of Karim and Aftabuzzaman (1995) and DOF (1997). 
Water quality parameters 
The results of the water quality parameters of the selected farms have been shown in 
Table 1. The highest mean temperature of 31.08° C was recorded inside the farm 1 and 
farm 3 and the lowest, 25.8° C, at the outlet of farm 5. For all farms, the temperatures of 
the inlet and outlet were always lower than that obtained inside. This may be due to the 
fact that the temperature of incoming water was lower than that of the farms and that 
there may be a heat exchange between the outlet and the discharge water. Higher 
temperatures inside the farms may be attributed to higher thermal conductivity of water 
due to lower water depth (Islam et al. 1998). However, variation in water temperatures 
between farms was not significant and the temperatures were within acceptable ranges 
for shrimp culture (FRI 1998). Slight variations in temperatures in farms may be due to 
variation in water depth (Hariati et al. 1996). 
The highest transparency, 25 em, was recorded inside the farm 4 and the lowest, 12 
em at the outlet of farm-1. The higher overall mean transparency, 22 em, was also 
recorded in farm-4 and the lower, 14 em, in farm-1. Remarkable negative correlation 
between transparency and production (kg/ha) was observed among the farms. Hariati et 
a/.(1996) reported that the reason for higher production at lower transparency being a 
higher survival rate caused by the availability of algae and particulate matter to the 
shrimp at the bottom, which graze on them. There was also remarkable variation in the 
transparency values among the farms, which may be due to variation in the rate of 
fertilizers used. Although TSS in farm-1 was slightly higher than that of the others, the 
higher dissolved oxygen concentrations of the farm support the fact that the lower values 
of transparency were due to the concentration of plankton, this was also true for farm-2. 
This findings were similar to that of Hariati et al. (1996). The transparency values were 
within the range required for shrimp farming as per standard set out by NACA (1995) 
and Hariati (1996). 
The range of salinity was from 2.0 ppt. at the outlet of farm 4 to 8.8 ppt. at the outlet 
offarm-1. The highest overall mean salinity was 6.7 ppt in the farm-S and the lowest, 2.9 
ppt. was in the farm-4. Higher salinities were observed at the outlets than that at the 
inlets and insides of all farms except farm-4, where higher value was found inside. Farm-
4 was also an exception in that the variations in mean salinity among the other farms was 
little. According to NACA (1995), the optimum salinity range for tiger shrimp is 10.0-
20.0 ppt. In this respect, the experimental farms were not suitable for shrimp culture. 
The drop in salinity values was due to heavy rainfall in the monsoon. However, 
Chakrabarti et al. (1985) reported that high salinities at stocking favour PL survival and 
Sinderman and Lightner (1988) reported that lower salinities towards the end of the 
production cycle when the shrimp biomass was high reduce the chance of occurrence of 
Vibrio spp. infections. 
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The highest dissolved oxygen concentration of 7.0 mg/1 was recorded at the inlet of 
the farm-2 and the lowest, 4.1 mg/1, inside the same. The overall mean of DO was higher 
in farm-2 and lower in farm-3, 5.7 and 5.3 mg/1 respectively. According to NACA (1995), 
Boyd 1994 and Chin and Ong 1994 who suggested respectively > 5 mg/1 and 3.8-5.0 mg/1, 
the DO concentrations were favourable throughout the experimental period. DO values 
at the inlets and outlets were always higher than that inside the farms which may be due 
to higher rate of water movements at the inlets and outlets than inside the farms. 
However, no significant variation in the overall mean values was among the farms. 
The highest value of pH , 9.0, was observed at the outlet of the farm-4 and the 
lowest, 5.0, at the outlet from farm-S. The overall mean pH was higher in farm-3 and 
farm-4 (8.1) and lower in farm-2 (7.8). No significant variation in pH among the farms 
was observed. Chakrabarti et al. (1985) stated that many variations in pH usually do not 
occur in shrimp farms owing to the buffering capacity of brackishwater. The overall 
mean pH values were suitable for shrimp culture as the optimum range of 7.5-8.9 was 
recommended by NACA (1995). 
The highest value of total hardness was observed at the outlet of the farm-4 (1154 
mg/1) and the lowest at the inlet of farm-1 (SS3 mg/1). The overall mean values ranged 
between 774 mg/1 in farm-2 and 832 mg/1 in farm-4. The variation in total hardness 
among farms may be attributed either to the variation in soil in different regions or to 
the variation in lime doses applied. But the values can be considered suitable according 
to Clarke (19S4) as reported by Islam et al. (1998). 
The recorded highest value of TSS at the outlet of the farm-1 and farm-2 was 2.9 
mg/1 and the lowest at the inlet of farm-3 was 1.0 mg/1. The range of overall mean value 
was 1.7-2.3 mg/1 in farm-2 and farm-3 respectively. Deb (1998) reported the range ofTSS 
being 119-22S mg/1 in intensive shrimp pond effluent water. Dierberg and Kiattisimkul 
(1996) also reported higher values in intensive shrimp farms (184 and S810 mg/1). The 
much lower values in the experimental farms may be due to the fact that inputs used in 
extensive farming are negligible as compared to that in intensive system. 
Higher nitrate nitrogen of 1.90 mg/1 was found at the outlets of farm-2 and farm-S 
while lower value of 0.1 mg/1 was recorded at the outlet of farm-4. The overall mean 
value was higher in farm-1 (l.S9 mg/1) and lower in farm-4 (1.06 mg/1). Nitrate content 
was found to be more or less homogeneous between inlet, outlet and inside for farm-1, 2 
and farm-S. But the outlet values of farm-3 and farm-4 were found to be remarkably 
different from that at inlet and inside. This may be due to the fact that the nitrate was 
used up by phytoplankton before being accumulated at the outlet. Logical supports to 
this opinion are that for both the farms, the values decreased gradually from inlet 
through inside to the outlet and that the overall values were also lower in these two 
farms than the other three. Deb (1998) reported nitrate range of O.OS-l.S4 mg/1 in 
intensive shrimp pond effluent water. NACA (199S) reported that even at concentrations 
of 300 mg/1 of nitrate, it is reported that shrimp can grow normally. The nitrate values 
found in the present study were acceptable for shrimp farming as reported by Allan et al. 
(1995). 
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The m1mmum and maximum values of ammonia nitrogen (TAN = NH4 + -N + 
NH 3-N) of 1.08 mg/1 and 2.43 mg/1 were recorded at the outlet of farm-S and farm-4 
respectively. The overall mean value was minimum at the farm-S (1.67 mg/1) and 
maximum at the farm-4 (2.08 mg/1). Concentrations at the inlet, outlet and within the 
farms as well as the overall mean values among the farms were not found to vary 
significantly. 
Ionized ammonia, or ammonium (NH4 +), is considered non-toxic to fish and 
crustaceans animals, while the unionized form, ammonia (NH3), is highly toxic. For 
successful production of penaeids, the unionized ammonia (NH3) should not be more 
than 0.10 mg/1 (NACA, 199S). In a recent paper, Wahab et al. (in press) indicated peak 
concentrations of unionized ammonia of O.S - 1.0 mg/1 in several of these farms due to 
increased pH in the afternoon (pH > 8.S). Allan et al. (1990) proved a growth reduction 
of S% in Penaeus monodon at 0.21 mg NHrN/1. Obviously, the ammonia peaks in the 
afternoon fluctuated within the "sub-lethal" range and consequently might have created 
stressing conditions for the shrimp stocks. Outbreaks of White Spot Disease and other 
viral diseases, accounting for the major part of the mortality losses in Bangladeshi 
shrimp farms since 1994, often occur in ponds with poor environmental conditions. 
The phosphate phosphorus content ranged from 0.112 mg/1 at the inlet of farm S to 
0.384 mg/1 at the outlet of farm 1. The overall mean phosphate content of individual 
farm ranged from 0.142 mg/1 in farm 3 to 0.229 mg/1 in farm 2. Variation in the 
phosphate content between inlet, outlet and inside did not follow any well- defined 
pattern; such variations were found to occur in different manners in each farm. NACA 
(199S) reported that phosphate content of shrimp pond water increases with increasing 
stocking density. NACA (199S) also reported values of 0.0-0.02 and 0.0-0.18 mg/L of 
phosphate for lower and higher stocking respectively. The high amount of phosphate 
phosphorus content in the experimental farms might be due to heavy shower in the 
monsoon (David et al. 1969, Lin 1989, Lee and Wickins 1992). 
Sediment quality parameters 
The major parameters of sediments such as pH, total dry matter (TDM), organic 
matter, calcium, magnesium, Kjeldahl nitrogen (K-TN), total phosphorus (TP) and total 
sulfur (TS) are shown in Table 2. The range of pH was from 6.83 in farm-2 to 9.12 in 
farm-4. TDM ranged between 8SS and 9S1 g/kg original samples in farm-2 and farm-4 
respectively. The highest organic matter content of 99.4 g/kg DM was recorded in farm-4 
and the lowest of 76.S g/kg DM in farm-2. Calcium was recorded from 42.2 g/kg DM in 
farm-2 to 92.S g/kg DM in farm-1. The highest c:oncentration of magnesium was 1S.3 
g/kg DM in farm-2 and the lowest, 11.6 g/kg DM in farm-3. The Kjeldahl nitrogen 
ranged between 160 mg/100g DM in farm-1 and less than SOg/100 g DM in farm-4. The 
values oftotal phosphorus were between 33.2 mg and 40.7 mg/100g ofDM in farm-3 and 
farm-4 respectively. The total sulfur content ranged between 74.3 mg/lOOg DM in farm-4 
and 466 mg/100g DM in farm-3 respectively. 
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Table 2. Sediment quality parameters of the selected shrimp farms 
Soil quality parameters Farm-1 Farm-2 Farm-3 Farm-4 Farm-S 
PH 7.79 6.83 7.02 9.12 8.98 
T-DM (g/kg) 926 855 865 951 909 
Organic matter (g/kg) 92.9 76.5 82.3 99.4 84.3 
Ash (g/kg DM) 934 932 941 966 956 
Calcium (mg/kg DM) 9,250 4,220 7,200 34,500 25,200 
Magnesium (mg/kg DM) 11,740 15,300 11,550 11,600 12,580 
Total-N (mg/100g) 160 130 120 <50 70 
Total-P (mg/kg) 378 353 332 407 380 
Total-S (mg/kg) 1,300 1,210 4,660 743 842 
Soil conditions are reported to play a more important role than the water conditions 
do in brackish water productivity (Boyd et al. 1994, NACA, 1995). Chakrabarti et 
al.(l985) stated that like temperature and salinity in the water phase, organic carbon, 
available nitrogen and available phosphorus in the soil phase were found to have direct 
relation with P. monodon production. A more or less similar statement was also made by 
Boyd et al. (1994). The overall values of pH of the sediments were found to agree with 
the values reported by Chakrabarti et al. (1985). However, slightly acidic pH ofthe farm-
2 may be due to the formation of acid sulphate soil (Deb 1998). The values of the other 
parameters were found to be surprisingly higher as compared to the values reported by 
Chakrabarti et al. (1985), NACA (1995), Dierberg (1996) and Smith (1996). The higher 
values are supposed to be due to the lack of proper sediment and waste management 
practice for long periods. 
Production pefformances 
The results of the production (per hectare per cycle) have been given in Table 3. The 
minimum production of 63 kg/ha was recorded in farm-4 and the maximum, 273 kg/ha 
in farm-3. Variations in production among farms are due to the variations in inputs used 
and post-stocking managerial caring. However, the production rates ofthe farms (except 
for the farm 4) agree with that reported by Karim and Aftabuzzaman (1995). 
Table 3. Production data of the selected shrimp farms 
Farm Total production in the cycle studied Av. 
Bagda Horina Chali Chaca Finfish Golda Kakra Soft prod"/ 
bagda ha (kg) 
1 9094.0 405.4 867.0 154.8 396.6 6.7 273 
2 2925.0 ll5.4 76.3 13.9 226.9 17.82 5.6 63 
3 10286.0 637.4 805.3 186.9 457.5 8.5 229 
4 9462.5 697.7 898.6 121.6 727.5 37.0 88.6 128 
5 6020.1 850.9 1182.2 38.80 345.3 141 
82 
Environmental parameters of shrimp farms 
Acknowledgements 
The authors gratefully acknowledge the financial supports by NORAD (Norwegian Agency 
for Development Co-operation) for carrying our the research on environmental impacts of shrimp 
farming in Bangladesh. Dr. Md. Abu! Hossain and Dr. Salehuddin Ahmed of Bangladesh 
Fisheries Institute are acknowledged for their co-operation during sampling. 
References 
Allan, G. L., G. B. Magurie and S. J. Hopkins, 1990. Acute and chronic toxicity of ammonia to 
juvenile irfetapenaeus macleayi and Penaeus monodon and the influence of low dissolved-
oxygen levels. Aquaculture, 91: 265-280. 
Boyd, C. E., P. Munsiri and B.F. Hajek, 1994. Composition of sediment from intensive shrimp 
ponds in Thailand. World Aquaculture, 25: 53-55. 
Chakrabarti, R. K., P. Ravichandran, D. D. Halder, S. K. Mandai and D. Sanfui, 1985. Some 
physico-chemical characteristics of Kakdwip brackishwater ponds and their influence on the 
survival, growth and production of Penaeus monodon (Fabricius). Indian Journal of Fisheries, 
32: 224-235. 
Chin, K.K. and S. L. Ong, 1994. Treatment and reuse of water for prawn cultivation. Water Science 
and Technology 30: 255-258. 
David, A., P. ray, B. V. Govind, K. V. Rajgopal and R. K. Banerjee, 1969. Limnology and fishes of 
Tungabhadra. Cent. Inland fish. Res. Inst. (ICAR), Barackpore, West Bengal, India. Bull. No. 
13. pp. 70-83. 
Deb, A. K, 1998. Fake blue revolution: environmental and socio-economic impacts of shrimp 
culture in the coastal areas of Bangladesh. Ocean and coastal management. 41: 63-68. 
Dierberg, F. E. and W. Kiattisimkul, 1996. Issues, impacts and implications of shrimp aquaculture 
in Thailand. Environmental Management. Vol. 20. No.5 pp. 649-666. 
Hariati, A. M., D. G. R. Wiadnya, M. W. T. Tanck, J. H. Boon and M. C. J. Verdegem, 1996. 
Penaeus monodon (Fabricius) production related to water quality in East Java, Indonesia. 
Aquaculture Research. 27: 255-260. 
Hopkins, J. S., P. A. Sandifer and C. L. Browdy, 1995. A review of water management regimes 
which abate the environmental impacts of shrimp farming. In: C.L. Browdy and J.S. Hopkins 
(editors). Swimming through troubled water. Proceedings of the special session on shrimp 
farming, Aquaculture 1995. World Aquaculture Society, Baton Rouge, Louisiana, USA. 
Islam, M.S., M. Aminul Islam, M. S. Alam and B. Z. Reshma, 1998. Effects of shrimp farming on 
physico-chemical qualities of water in some medium saline areas in greater Khulna district. 
Bangladesh]. Fish., 21 (1): 83-89. 
Karim, M. and Aftabuzzaman, 1995. Brackish and marine water aquaculture: Potential, 
constraints and management needs for sustainable development. Paper for presentation in the 
national seminar on fisheries resources development and management organized by the 
Ministry of Fisheries and Livestock, Government of Bangladesh in collaboration with FAO 
and ODA, 29 October- 1 November, 1995, Dhaka, Bangladesh. 25pp. 
Kongkeo, H, 1997. Comparison of intensive shrimp farming systems in Indonesia, Philippines, 
Taiwan and Thailand. Aquaculture Research. 28: 789-796. 
Lee, D. 0. C. and J. E. Wickins, 1992. Crustacean Farming. Blackwell Scientific Publications, 
Oxford. 
Lin, C. K., 1989. Prawn culture in Thailand. What went wrong? IY/orld Aquaculture, 20: 19-20. 
83 
M.A. Wahab eta/. 
NACA 1995, The environmental managemenr of coastal aquaculture. A study of shrimp culture in 
Southern Thailand. Training manual on culture of marine shrimp, Penaeus monodon in 
Thailand. 
Patimah, I. and A. T. Dainal, 1997. Accumulation of heavy metals in Penaeus monodon in Malaysia. 
In: Fisheries and Environmenr: Beyond 2000. Japar Sidik, B., F. M. Yusoff, M. S. Mohd Zaki 
and T. Petr (eds.), p. 151-154. Universiti Putra Malaysia, Serdang, Malaysia. 
Preston, A, 1973. Heavy metals in British waters. Nature, 242: 95-97. 
Sindermann, C. J. and D. V. Lightner, 1988. Disease diagnosis and control in North American 
marine Aquaculture. Developments in Aquaculture and Fisheries Science, Vol. 17. Elsevier, 
Amsterdam. 
Smith, P. T., 1996. Physical and chemical characteristics of sediments from prawn farms and 
mangrove habi tars on the Clarence River, Australia. Aquaculture, 146: 47-83. 
Strickland, J. D. H. and T. R. Parsons, 1972. A practical handbook of seawater analysis. Bulletin 
No. 167, 2nct edition. Ottawa. Fisheries Research Board of Canada, 310pp. 
Wahab, M. A., B. Braaten and A. Bergheim, 2000. Water quality in extensive and semi-intensive 
shrimp ponds in Bangladesh. Accepted paper for Conf. Aquae. 3'd Mill., 20-25 Feb. 2000, 
Bankok, Thailand. 7p. In press. 
(Manuscript received 5 January 2000) 
84 
